Mutational analysis of Encephalitozoon cuniculi mRNA cap (guanine-N7) methyltransferase, structure of the enzyme bound to sinefungin, and evidence that cap methyltransferase is the target of sinefungin's antifungal activity.
Cap (guanine-N7) methylation is an essential step in eukaryal mRNA synthesis and a potential target for antiviral, antifungal, and antiprotozoal drug discovery. Previous mutational and structural analyses of Encephalitozoon cuniculi Ecm1, a prototypal cellular cap methyltransferase, identified amino acids required for cap methylation in vivo, but also underscored the nonessentiality of many side chains that contact the cap and AdoMet substrates. Here we tested new mutations in residues that comprise the guanine-binding pocket, alone and in combination. The outcomes indicate that the shape of the guanine binding pocket is more crucial than particular base edge interactions, and they highlight the contributions of the aliphatic carbons of Phe-141 and Tyr-145 that engage in multiple van der Waals contacts with guanosine and S-adenosylmethionine (AdoMet), respectively. We purified 45 Ecm1 mutant proteins and assayed them for methylation of GpppA in vitro. Of the 21 mutations that resulted in unconditional lethality in vivo,14 reduced activity in vitro to < or = 2% of the wild-type level and 5 reduced methyltransferase activity to between 4 and 9% of wild-type Ecm1. The natural product antibiotic sinefungin is an AdoMet analog that inhibits Ecm1 with modest potency. The crystal structure of an Ecm1-sinefungin binary complex reveals sinefungin-specific polar contacts with main-chain and side-chain atoms that can explain the 3-fold higher affinity of Ecm1 for sinefungin versus AdoMet or S-adenosylhomocysteine (AdoHcy). In contrast, sinefungin is an extremely potent inhibitor of the yeast cap methyltransferase Abd1, to which sinefungin binds 900-fold more avidly than AdoHcy or AdoMet. We find that the sensitivity of Saccharomyces cerevisiae to growth inhibition by sinefungin is diminished when Abd1 is overexpressed. These results highlight cap methylation as a principal target of the antifungal activity of sinefungin.